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Abstract 
The existence of flora and fauna in freshwater system is unique system that beautifully depends on each 
other to create a harmony ecosystem. However, human activities have disturbed the function of this 
ecosystem structurally and has reducing the capability of it usage. The existence and extinction of the 
indigenous fauna could tell or warn us about the ecological health of the river system. The extinction of 
fishes can be related to landscape and habitat alterations such as channelization, impoundment, 
pollution, and deforestation. Biological methods have been tested and proved to be suitable for the 
surveillance of aquatic ecosystems. The biological and ecological features of freshwater fish could exhibit 
excellent response signals to stressors. The fish anatomy could tell about the degree of the pollution. 
Thus, the main objective of this chapter to discuss about the application of freshwater fishes as biological 
indicator (IBI) to assess the ecological health of river system. The fish characteristics such as (i) Species 
Richness and habitat composition (ii) intolerance and tolerance, (iii) Trophic composition, (iv) Spawning 
and habitat preference and, (v) Fish Health and abundance were integrated to generate the index that 
could classify the status of the river ecosystem. In addition, the relationship between environmental 
factors such as BOD, COD, SS, pH, and DO were assessed. By applying IBI concept in this river, the 
evaluation on the condition of aquatic health and environmental condition can be evaluated. This 
approach is far better than conventional approach which only solely on physico-chemical evaluation. This 
index could be a useful indicator to evaluate the environmental health of the river system instead of solely 
depends on Water Quality Index (WQI) because IBI and its theoretical can be considered as one of a 
practical method in evaluating the ecological health of river.   
Keywords— freshwater fish; biological indicator; habitat destruction; water quality  
1. Introduction  
Nowadays, the term of ‘river health’ is a useful and widely understood concept. The meaning of “health” is not 
more than just a plants and animals that live in a river or the quality of the water in it. It depends also on the 
diversity of the habitats, plant and animal species, the effectiveness of linkages and the maintenance of ecological 
processes [34]. According to [42], river health can be defined as the ability of the aquatic ecosystem to support 
and maintain key ecological processes and a community of organism with a species composition, diversity, and 
functional organization as comparable as possible to that of undisturbed habitats with the region. River health 
evaluation is performed by comparing the mean the degree of similarity to an undisturbed river and/or less 
disturbed river of the same ecoregion, particularly in terms of its biological diversity and ecological functioning 
[22]. 
 
The most recent approaches to assess the quality of environment are by using multimetric approach. This 
fundamental of this approach are by combining several attributes that represent the broad existing ecological 
diversity at different levels of biological characteristics [25]. One of the promising indexes that could be used to 
analyze the ecological health condition is Index of Biotic Integrity (IBI) which originally developed by [23]. The IBI 
is an ecological based index for quantitatively assessing the biological quality of surface water. [23] used a fish as 
indicators to assess the ecological health of stream and river in mid-west US. The applications of IBI are quite 
comprehensive and applicable because it reflects land-water linkages, physical habitat quality, hydrological 
regime, biological interaction and water quality [25]. The IBI has been tested and found useful throughout in many 
regions of North America [3], Europe [35], Asia [16] and South America [8]. The IBI also been shown to be 
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sensitive when used in combination with physical and chemical data to isolate possible caused of stress in 
aquatic biota [5]. 
 
According to [21][16][35] fish are useful organism to measure the effects related land-water activities that affected 
the aquatic environment. The presence/absence and proportion of fish species may indicate the quality of 
physical, chemical and biological conditions in the area where they inhabited. The advantages using a fish to 
monitor the state of ecosystem health are (i) fish provided a relatively long term record of environmental condition; 
(ii) they have potential to integrate diverse aspects of relatively large-scale habitats; (iii) they are relatively easy to 
identify compare to others aquatic life such as macro invertebrate or diatom; (iv) the public are interested and 
more concern about fish than others aquatic life; (v) their identification offers considerable additional information 
about the environments and ; (vi) fish communities are valuable economic resources that should be monitored 
and maintained [25]. However, the use of fish as biological monitor of course not without difficulties such as the 
selective of sampling gears for certain sites, mobility of fish and so on. Therefore, the extensive works are needed 
to be carried out in order to evaluate all the mention problems. 
 
The extensive works in the river ecosystem have caused a degradation and the impairment which is affected the 
water quality, habitat quality and aquatic assemblages. Therefore, the development of tools to diagnose the 
current state of river and streams is urgently needed to conserve our valuable resources in river. Thus, this will 
discuss the to development the fish integrated biological index (F-IBI) for an evaluation of  the ecological health of 
freshwater system. 
2. Development of Biotic Index For The Assessment of The River Health  
2.1 Relationship Between Environment and Organisms 
 
River topography and water flow regimes are complex and diverse. The changes in river environment throughout 
the river, including a decrease in number of river geomorphology such as pool and riffles caused by river 
improvement works and changes in river basin conditions have led to changes in organic matter in river and thus 
affect population of fish, benthic animals and other organisms. Aquatic ecosystems perform many important 
environmental functions. For example, they recycle nutrient, purify water, attenuate floods, recharge groundwater 
water and provide habitats for wildlife [50]. However, the health of an aquatic ecosystem is degraded when the 
ecosystems ability to absorb perturbation has been collapsed and this condition a result of physical, chemical or 
biological alteration of the environment. For instance, physical alterations include changes in water temperature, 
chemical alterations include changes in the loading rates of nutrients, toxins, while biological alteration include the 
introduction of exotic species and many more.  
According to the statistic published by Malaysia’s National Biodiversity Policy (1998), there is greater diversity of 
fauna in the country. Based on these data, there are about 300 species of will mammals, 700-750 species of 
birds, 350 species of reptiles, 165 species of amphibians and more than 300 species of freshwater fish. 
Freshwater habitats such as the lowland slow-flowing streams and upland rivers with water torrents support a 
diverse aquatic invertebrate fauna and variety of fish. A natural asset of Malaysia is, therefore, its wealth in 
biological diversity. Reduction in this biological diversity will distract the balance within ecosystem as it is generally 
accepted that a certain amount of species and genetic diversity is needed to uphold the relations within the 
ecosystems and hence maintain ecological services. Losing diversity means losing the ecosystem resilience, 
leading to adverse effects on human lives. 
Regarding to river environmental pollution problems, it has a very long history. For instance, the rapid 
development of tin mining, a traditional industry such as rubber and palm oil that started at the turn of the century 
about 100 years ago has polluted the river in term of increasing of wastewater and sludge. From the late 1960’s 
Malaysia pursued rapid industrialization supported by foreign investment that resulted in tremendous increased 
amount of industrial wastewater and other wastes and this problems obviously affected urban areas. Nowadays, 
as in many other developing countries, the state of rivers is appalling and in many urban areas, rivers have been 
literally turned into open sewers, some to the extent of being non-rehabilitate and we are paying it tolls. 
2.2 What Is River Health? 
 
The assessment of river health status was determined solely based on the easiness of chemical condition. This 
situation has led to bias assessment results where the condition of physical as well as the biological perspectives 
was left out. Chemical monitoring alone may not be enough for assessing the status of integrative ecological 
health and thus further biological and ecological health assessments of aquatic systems are necessary to provide 
an effective management [47]. An integrative ecological health approach is required to identify key factors 
influencing chemical water quality, physical habitat and biological conditions [23]. Despite these facts, stream 
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monitoring and assessments for broad goals and management objectives were largely demonstrated by each 
chemical, physical, and biological criteria, respectively. 
 
Nowadays, the term of ‘river health’ is widely being used to explain the condition of river status. The meaning of 
“health” is not more than just a plants and animals that live in a river or the quality of the water in it. It also 
depends on the diversity of the habitats, plant and animal species, the effectiveness of linkages and the 
maintenance of ecological processes (Karr and Chu, 2000). According to Schofield and Davies (1996) river health 
can be defined as; the ability of the aquatic ecosystem to support and maintain key ecological processes and a 
community of organism with a species composition, diversity, and functional organization as comparable as 
possible to that of undisturbed habitats with the region. River health is taken to mean the degree of similarity to an 
undisturbed river of the same ecoregion, particularly in terms of its biological diversity and ecological functioning 
[22]. 
The basic foundation of river health assessment involves comparisons. Basically, indicators that used to represent 
the river health are generally will be compare between two different sites; comparison between study sites with 
reference sites [25][35]. Usually, the state of reference site is the site which closely resembles natural condition or 
less disturb site which could represent the condition of the region. A recent development in river assessment has 
been the use of reference conditions rather than reliance on single sites or average values for the whole river as 
controls. The function of these reference sites are to serve as the control against study site conditions which has 
been compared. These comparisons approach are proved to be useful and success to be applied in evaluating 
river health in Australia [34].   
According to [23] and [24], reference site is a site with unimpaired condition, reflective of natural, pristine, 
reference or benchmark ecosystem. In Malaysia, relatively few rivers remain in undisturbed or pristine state 
except the stream or rivers located deep in the forest with no access road. Most of the rivers are affected by a 
number of in-stream activities, riparian degradation, catchment modifications or practices. This conditions usually 
resulted in lower ecological value and less biological function than their original states. The reasons why we need 
to measure the river health is because of the rivers value itself. Nowadays, river has been manipulated and used 
in many perspective ways to fulfilled and satisfied our need such as water resources, water supply, water for 
irrigation, navigation, fishing, and recreation. In another words, if we fail to protect the biology of our waters, we 
will not protect human uses of that water. When rivers can no longer support living thing, they will no longer 
support human affairs [24]. Thus it is very important for us to measure the river health.  
2.3 Changes Approaches of River Environment Assessment 
 
In the last two decade, the approach for the assessment of river health was well expanding and most of the 
assessment approaches has integrated the biotic factor in the assessment parameters. In the past, the physico-
chemical parameters would react to changes in stream flow, land use and riparian condition and it is generally 
used in indicating stream and catchments health. Physical parameters included flow, temperature, conductivity, 
suspended solids, turbidity and color. Meanwhile, the chemical parameters included pH, alkalinity, hardness, 
salinity, biochemical oxygen demand, dissolved oxygen, total organic carbon and also nutrient such as phosphate 
and nitrate. However, the used of physical and chemical parameters cannot express the condition of biological 
conditions and several researchers has suggested the integration between conventional approach with biotic 
factor could provide a better insight regards to stream health. In Malaysia, until today there are no laws or act was 
established to evaluate the condition of our river health. Normally, the assessment of our river was solely based 
on physico-chemical assessment that was conducted according to the methods proposed by Department of 
Environment (DOE). 
Bio-assessment is a method which directly measures the biotic characteristic of stream. Alteration of stream 
habitat, hydrology or water quality could affect the aquatic organisms such as changes in species composition of 
aquatic communities, changes in the dominant groups of organisms, impoverishment of species, high mortality of 
sensitive life stages, mortality in the whole population, changes in behavior of the organisms, changes in 
physiological metabolism, and histological changes and morphological deformities. In addition, the bio-
assessment method consists of a wide range of bio-indicators. It is impossible to sample all biotic parameters as it 
would need a huge sum of money time. As an alternative, target species are selected. Species that were easy to 
catch and identify might be the practical choice of indicator, but a meaningful assessment of stream health could 
only be obtained if the relationship between the ecosystem and the selected indicator could be identified. Hence, 
in assessing stream health, the most promising target species appeared to be found are benthic algae, macro 
invertebrates and fish. 
Habitat is defined as ecological area that is inhabited by a particular species of animal, plant, or types of 
organism. Normally, good habitat consists of good physical and chemical condition that suitable to support the 
living thing. Habitat quality could be expressed as the presence or absence of suitable habitat, the area available 
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of ideal habitat or a rating of the relative quality of the habitat that is present. Generally, spatial and temporal 
habitat variability and biological diversity in rivers are closely related. The target of habitat assessment is generally 
to measure the in-stream and riparian conditions that influence the structure and function of aquatic community in 
a stream. One of the major stressors of aquatic system is the presence of an altered habitat structure. The stream 
health assessment techniques are designed for a diverse range of problems and environment. Some examples of 
the habitat-based stream health assessment are Rapid Bio-assessment Protocol (U.S. EPA), Habitat Evaluation 
Procedure (HEP), Habitat Suitability Index (HSI) and Hydrogeomorphic Index (HGM). By integrating all those 
mentions variables in assessing river health such as (WQI, biotic factors, and habitat quality), these could serves 
as new evaluation and assessment methods that could provide better result. 
 
2.4 Diversity Index To Measure The River Health 
 
A diversity index is a statistic approach which is intended to measure the local members and it can be use in 
various field of study to assess the diversity of any population. The application of diversity approach can applied in 
the field of ecology to measure biodiversity in ecosystem, demography to measure the distribution of population of 
various demographic groups, information science to describe to describe the complexity of a set of information, 
and in economics to measure the distribution over sectors of economic activity in a region . 
Biological diversity can be quantified in many different ways. Two main factors that need to be taken into account 
when measuring diversity are richness and evenness. Richness can be as a measurement of the number of 
different kinds of organism that present in the particular area. In other word, species richness is the total number 
of different species present in a community. Some communities may be simple enough to allow complete species 
counts to determine species richness. However, this is often impossible, especially when dealing with insects and 
other invertebrates, in which case some form of samplings has to be used to estimate species richness. While 
evenness can be define as relative abundance of the different species which making up the richness of the 
studied area. 
In Malaysia, the diversity concept was coupled with WQI to assess the stream health. The basic concept of this 
assessment is by considered species richness and evenness as well as water quality assessment. Kasan (2006) 
had studied about the relationship between water quality and algae population in Pontian Kecil River and he 
suggested the Water Quality Index (WQI) and Shannon-Weiner Diversity Index (H’) have a significant correlation. 
[48] used diversity indexes to evaluate fish communities in the Wabash River by combine number of individuals 
and biomass per km of stream with Shannon-Weiner diversity index. Thus, is it proved that the combination 
between diversity index and WQI could reflect the condition of river health. Equation 1 shows the equation that 
can be used to calculate Shannon-Weiner Diversity Index (H’): 



gn
i
PiPiHIndexDiversityWeinerShannon
1
ln)'(              (1) 
 Where ng denotes the number of genera while Pi is the proportion of each species in the sample and ln is 
log
10
.  According to Malaysian Water Quality Classification Classes, river condition can be classified into five 
classes: class I, class II, class III, class IV, and class V (Table 1).  
Table 1: Water quality status and classes based on Shannon-Weiner Diversity Index (UM-DOE, 1986) 
Diversity index 
(H’) 
Classes Water quality status 
>3.73 I Very clean 
2.80-3.73 II Clean 
1.86-2.80 III Moderate polluted 
0.93-1.86 IV Slightly polluted 
0.00-0.93 V Severely polluted 
 
 
2.5 Multi-metric Approach (Index of Biotic Integrity, IBI)  
 
In the last few decades, biologists have taken advance step by testing several approaches to provide a better 
biological assessment. Most of the approaches rely on indicator species to reflect low or high quality of the stream 
condition. One of such approach is Hilsenhoff’s tolerance index (1977) which used benthic invertebrate to 
evaluate the environmental quality. However, this applicability of this index is limited because the tolerance of 
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aquatic invertebrates to toxicant or pollutant have not been precisely defines in many areas, especially for species 
which is difficult to distinguish. The rational for the usage of biological assessment is that environmental 
perturbation leads to a reduction in the number of species and to dominance by a small number of tolerant 
species. 
The accurate assessment of biological condition requires a method that integrates biotic response through an 
examination of patterns and processes from individual to ecosystem levels [25]. The indicator species concept 
has dominated biological evaluations [16][25]. Ecological studies typically focus on limited number of parameters 
that might include one or more of the followings; species distributions, abundance trends, standing crop and 
production estimate. 
The strength of the multi-metric approach is its ability to integrate information from individual, population, 
community and ecosystem levels. By integrate several metrics; it can minimize the weaknesses that may have in 
single metric [25]. Current research is being conducted to test the efficacy of this application (multi-metric concept) 
to lakes, reservoirs, estuaries and large rivers. According to [49]  the metric uses in evaluating the condition of 
river must be (i) relevant to the biological community,  (ii) meet and achieved the objectives of study, (iii) can 
detect and sensitive to stressors, (iv) can distinguish the changes, and (v) cost effective.  
In evaluating the conditions of river health by using a fish as indicator, most of the research has follow a methods 
and principle which was delineated or developed by [25] in grouped the fish assemblage into three classes; (i) 
species richness and composition, (ii) trophic composition, and (iii) fish abundance and condition. Since the 
introduction of this concept, many research has test this concept to reveal the effectiveness of this method. Since 
then, it has been tested and found useful throughout in many regions of North America [3], Europe [35], Asia [16] 
and South America [8].   
2.6 Fish As Biological Indicators 
 
With regard to biological communities, the communities assemblages pattern reflect a combination of current and 
past watershed conditions because organism are sensitive to changes across of wide array of environmental 
factors [25]. In evaluating the river health by using biological communities, most of the aquatic organism has been 
test as an indicator such as Fish [15][16], algae, macroinvertebrate  and plankton.  However, no single group has 
emerged as favorites among researchers.  
Fish are popular indicators as they are known to be sensitive to water quality, had characteristic habitat 
preferences, relatively easy to sample and identify in the field, and they tend to integrate effects of the lower 
trophic level; thus fish assemblage structure is reflective of integrated environmental health [23]. Furthermore, 
they have relatively large range and are able to detect subtle environmental changes. Thus, fish are best suited in 
assessing macro-habitat and regional differences. Most of them are long-lived, thus fish could integrate the effects 
of long term changes in stream health. Additionally, fish are highly visible and much valued by wider community, 
thus fish monitoring usually has strong community approval and interest. 
In addition, several advantages using a fish as indicators have been listed by [25][16][18][8] such as (i) fish 
typically present even in the smallest stream and in all but the most polluted waters, (ii) occupy position through 
the aquatic food web and thus provide an integrative view of watershed conditions, (iii) long-lived that permit a 
temporal dimension in the assessment of stream conditions, (iv) particularly effective for macro-environment 
disturbances, and (v) the high number of fish taxonomy expert compare to others organism. 
The fish sampling gear is various and the selections of gears are based on the site condition, the availability of 
sampling gears and local laws and regulations that not permitted the usage of electro-fishing. The selection of 
sampling gears will be influenced the sampling results such as the fish diversity, fish number, fish size, fish 
composition and fish. Thus, the selection of sampling gears plays an important role in determining the sampling 
results. The usage of electrofishing is the best sampling method compared to traditional method where, this 
method will not jeopardize or kill the fish. Fish will be stunt using electric and will be release back to their original 
habitat after measurement was done. 
In spite of these advantages, the use of fish as biological monitors of course, not without difficulties. The 
determination of sampling gears is the main problems because at the different locations, there will be a different 
kind fish species inhabit at the area and this will requires specific sampling gears to sample them. The mobility of 
fish also could be problems because fish can avoid polluted water and will return back to this area when the 
condition is getting better. Last but not the least, during field survey, huge manpower is needed and normally 
minimum of 4 people are needed to perform successful electro-fishing.   
Prior formulate and develop the IBI, ecological knowledge’s on fish species such as life history, trophic condition 
and relative tolerance to environment are needed [18][35][25][8]The ecological knowledge on the fish species 
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could depict an important information that required to develop the threshold of each fish species. The structure of 
fish community was controlled by several conditions such as the flow regime, water quality, energy sources, biotic 
interaction and habitat structure [25]. 
 
2.7 The assessment metrics 
The IBI was originally proposed by [23], included 12 metrics were then adjusted depending on habitat feature, 
environmental factors and bio-geographic regions accordingly [20][24]. The most importance thing in developing 
the IBI is metric selection. The selection of metrics must be done wisely and carefully so that it could reflect local 
aquatic condition. In this study, 15 metrics were integrated to calculate the ecological health of the Pahang River 
based on fish assemblages which were group into five categories; (i) Species Richness and habitat composition 
(ii) intolerance and tolerance, (iii) Trophic composition, (iv) Spawning and habitat preferences and, (v) Fish Health 
and abundance (Table 2, for upstream; Table 3, for middle and downstream). All the ichthyological works in this 
study was referred to study by [29][43][26]; fish based web www.fishbase.org.  
Species richness and habitat composition and tolerance metrics: This metric illustrate the fish structure and 
composition which response to environmental changes. [25] in their work has proposed six metrics that need to 
be considered in order to determine the pattern of fish assemblage in Midwestern of US. Two of original metric as 
proposed by [25] were retained “total number of fish species” and “number of intolerant species”. While others 
four were modified to best suit with the local condition. The “number of darter fish”, “number of sunfish”, “number 
of sucker fish”, and “proportion of green sunfish” were substituted with “number of water column species”, 
“number of demersal/bottom fishes species”, “number of cyprinidae species”, and “number of native species” 
respectively. The retained metric were important because these metrics could reflect to the local factor to 
measure the ecosystem health. (1) Total number of fish species; is an attribute of faunal communities that 
frequently used in biologically based models of environmental health. (2) Number of Intolerant species; normally, 
this species decreases with the increases of environmental disturbance. Meanwhile, the substituted metrics are 
important to the tropical aquatic condition [16][7][20]. For instance, (3) Number of fish species metric tends to 
decrease with the increasing of disturbance [35]. Because lack of comprehensive information on specific species 
to measure the environmental degradation such as sensitive to siltation, turbidity, water temperature, dissolved 
oxygen and many more, the (4) number of water columnspecies, and (5) number of demersal/bottom fish species 
were used. These metrics were considered to be applicable with the assumption that these species is tolerance to 
environmental changes. Moreover, high species richness and presence in wide geographic regions make them 
useful monitoring tools to monitor the ecosystem degradation over a wide range of conditions [16][2][6][4]. (6) 
Number of cyprindae species; this species was established as dominant species inhabited in the tropical river 
[37][8]. 
Trophic composition metrics: The trophic structures of the fish community reflect the dynamic of a fish 
assemblage based on the feeding patterns. The changes in water quality and habitat condition, including the 
changes in land use normally resulted in changes in the fish community due to fluctuating food resources [25]. 
Moreover, this metric were used to assess changes in ecological processes or function thereby broadening the 
IBI to include both structural and functional components [16]. Based on metrics proposed by [25], two of the 
original metrics were retained “percent of individuals as omnivores” and “percent of individuals as carnivores” 
while “percent of individuals as insectivorous cyprinids” was substituted with “percent of individuals as 
insectivores” and “percent of individuals as herbivores” was added. (7) Percent of individuals as omnivore and (8) 
percent of individual as carnivores were retained because these two metric regards as important metrics to 
describe the fish assemblage in rivers and the main attributes in food chain cycle. In addition, the increasing 
omnivores and carnivores will disturb the food chain and could reflect the environment degradation 
[45][28][11][18]. Meanwhile, the replacement of “percent of individual as insectivorous cyprinidae” with “percent of 
individual as insectivore’ because in the tropical river, the insectivore species consisting of several families 
[38][28]. In addition, it could be bias if only cyprinidae family was considered. In addition, the added metric 
“percent of individuals as herbivores” tend to be sensitive especially with the degradation of riparian vegetation 
and thereby incorporate information about the health of primary production at the site [16][27][6]. Hence, this 
metric can be used as possible metric to evaluate the environment degradation in term of riparian vegetation 
condition.  
 
Spawning and habitat preferences metrics: These metrics were newly added to determine the fish assemblage 
in term of preferred and favorable spawning ground and habitat conditions. Normally, every fish species have 
their preferable location for breed and spawn [11]. They will not breed in the area which not fulfilled their need and 
normally they will inhabit in this area or migrate to this area during the spawning season [5][13]. The attributes in 
this added metric are “percent of individual spawn at floodplain area”, “percent of individual spawn at bottom 
sediment” and “percent of individual spawn at vegetation”. These added attributes could provide extra information 
and broadening the information regard to fish assemblage. In addition, the added metric can be apply in 
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determining the appropriate and suitable restoration works that can be implement to improve the composition of 
fish species in specific area. 
 
Fish health and abundance metrics: This metric evaluates such attributes of populations as abundance, age 
structure, growth and recruitment rates and fish condition [25]. Out of three metrics proposed by [25], only one 
metric was retained which is “total number of individual in sample” and one added metric. Another two replaced 
metrics are “proportion of individuals as hybrids” and “proportion of individuals with disease, tumors, in damage, 
and skeletal anomalies”. These metrics were left out because lack of data and no data on fish disease or 
anomalies was collected during the survey. During the survey, only a few individual was observed with the 
anomalies, while the hybrid species are difficult to assess because lack of comprehensive information was done 
in previous study. It has been suggested the environment degradation can lead to increase frequency of 
hybridization probably as a result of habitat degradation [32]. Meanwhile, percent of individual as invasive species 
was added because the introduction of non-native species in the river ecosystem intentionally or accidently could 
alter the fish composition due to predator, competition and food sources. Most of the IBI applications outside the 
USA and Canada include this metric in their work to assess the health of ecosystem [16]. 
   
Calculation of IBI metrics: The IBI for each sites were calculated according to the calculation proposed by 
[25][14][16]. As suggested, for the selection of reference site, the priority was given to the pristine or natural site 
and then to least disturbed if no undisturbed site. In this study, no undisturbed sites were observed in this river, 
where, most of the sites were exposed to human activities and this has degraded the quality of this site either in 
biotic or abiotic conditions. Hence, the average value for each segment was used as reference site. Please refer 
to chapter 3 for details information on segment classification. 
The IBI was calculated by assigning each metric with a score; score 1 for the worst, 3 for fair, and 5 for the best 
condition. The frequencies analysis was performed to find the suitable range to divide the scoring criteria into 
trisection. The threshold limit was assigned; 25 percentile for lower limit and 75 percentile for the upper limit 
(Figure 5.1; Table 4). The trisection between 1, 3, and 5 was assigned among the metric by comparing fish 
composition at studied site with reference site (in this study, average value is refer as reference site). For 
instance, if the maximum number of species observed at any site was 35 and the least was 10, site with 28-35 
species were scored as 5, sites with 21-27 species were scored as 3, and those with less than 20 species 
received a score of 1 (Table 5). This step is crucial to a meaningful of IBI assessment. Ranges of qualitative 
assessment for the final score were modified from [25][16][20]. Five integrity classes were proposed based on the 
IBI score; 89-89 as respectively representing excellent, good, moderate, impaired, and severely impaired (Table 
5). 
 
Figure1: Histogram shows the result of frequencies analysis on native species. From this figure, the lower and 
upper limit can be delineated 
 
Table 2: Metrics used to assess fish communities in the upstream of the Pahang River and scoring criteria for 
each metric 
Categories  Metric Scoring criteria 
1 (worst) 3 (fair) 5 (best) 
Species richness and composition  
 1-Number of native species <11 11-19 >19 
 2-Number of water column species  <9 9-15 >15 
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 3-Number of demersal/bottom species <2 2-3 >3 
 4-Number of cyprinidae species <10 10-13 >13 
Intolerance and tolerance 
 5-Number of intolerant species <2 2-3 >3 
 6-% individuals as tolerant species >1 1 <1 
Trophic composition 
 7-% individuals as omnivores >70 70-55 <55 
 8-% individuals as herbivores <15 15-30 >30 
 9-% individuals as carnivores <10 10-20 >20 
 10-%individuals as insectivores <4 4-8 >8 
Spawning and habitat preferences 
 11-% individuals spawn at floodplain >65 64-45 >45 
 12-% individuals spawn at bottom sediment  <10 10-20 >20 
 13-% individuals spawn at vegetation  <15 15-20 >20 
Fish health and abundance 
 14- Number of invasive species >1 1 <1 
 15- Total number of fish  <36 36-55 >55 
 
Table 3: Metrics used to assess fish communities in the middle and downstream of the Pahang River and scoring 
criteria for each metric 
Categories  Metric Scoring criteria 
1 (worst) 3 (fair) 5 (best) 
Species richness and composition  
 1-Number of native species <7 7-15 >15 
 2-Number of water column species  <7 7-12 >12 
 3-Number of demersal/bottom species <2 2-4 >4 
 4-Number of cyprinidae species <7 7-11 >11 
Intolerance and tolerance 
 5-Number of intolerant species <2 2-3 >3 
 6-% individuals as tolerant species >3 2-3 <2 
Trophic composition 
 7-% individuals as omnivores >65 65-50 <50 
 8-% individuals as herbivores <15 15-30 >30 
 9-% individuals as carnivores <10 10-25 >25 
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 10-%individuals as insectivores <10 10-20 >20 
Spawning and habitat preferences 
 11-% individuals spawn at floodplain >70 70-50 <50 
 12-% individuals spawn at bottom sediment  <12 12-25 >25 
 13-% individuals spawn at vegetation  <15 15-25 >25 
Fish health and abundance 
 14- Number of invasive species >2 1-2 <1 
 15- Total number of fish  <35 35-50 >50 
 
Table 4: The example of descriptive analysis results on selected metrics 
Metrics Min Max Mean S.D 25% 75% 
Native species  5.00 24.00 10.71 3.23 9.00 12.00 
W.column species 5.00 20.00 9.42 2.58 8.00 10.00 
Demersal species 0.00 4.00 1.28 1.12 0.00 2.00 
Cyprinidae sepcies 4.00 19.00 8.53 2.44 7.00 9.00 
Intolerant species 0.00 5.00 1.00 1.16 0.00 2.00 
Tolerance species  0.00 4.00 0.13 0.59 1.00 1.00 
 
Table 5: Total IBI scores, integrity class, and the attributes of those classes (modified from [25]) 
Total IBI 
score 
Integrity 
classes 
Attributes 
63-75 
 
Excellent  Comparable with reference sites and regarded as minimally 
affected. Abundance presences of intolerant species and the fish 
assemblage are balanced in trophic structure 
50-62 Good  Species richness are below than excellent condition, the trophic 
structure show some stress and very minimum of human activities 
along the river bank  
37-49 Fair Signs of additional deterioration of water quality and degradation of 
habitat structure. Loss of intolerant species and abundance of 
certain species  
26-36 Impaired Dominated by tolerance species. Hybrid and diseased fish often 
present. Extensive anthropogenic activities along the river bank 
which degraded the water and habitat quality.  
15-25 Severely 
impaired 
Few or no fish present which most of the fish species are tolerant, 
introduced, hybrid, disease, parasites, fin damage and other 
anomalies. This condition indicating severely degradation 
 
3. Validation of Index  
There are several attempts of using biota as the biological index such diatom, bird, macroinvertebrate and fishes. 
These biotas have their own advantages and disadvantages. However, to make sure that the developed index is 
applicable to monitor the changes in our ecosystem, therefore, the index must be able to detect that form of 
degradation. Six criteria that must be considered to prove the developed index is valid. The details of each 
criterion as follows; 
Criterion 1: the measure must be biological. IBI is based solely on the biological attributes of a water resoruces 
system and therefore meets this criterion.  
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Criterion 2: the measure must be interpretable at several trophic levels or provide a connection to other organism 
not directly involved in the monitoring. The diversity of the trophic composition as mentioned in Table 2 and Table 
3. Fish are affected by the availability of food. 
 
Criterion 3: The measure must be sensitive to the environmental conditions being monitored. IBI meets this 
criterion in broad scale monitoring in ways not previously attained by indicators sensitive only to toxic chemical or 
to oxygen depletion from organic enrichment. IBI has a general sensitivity to many forms of degradation, including 
toxic chemical and alterations of habitat and flows  
 
Criterion 4: The response range of the measure must be suitable for the intended application. IBI has 
demonstrated sensitivity to small, even subtle, changes and to a broad range of conditions. This attribute derives 
from the diversity of its metrics and their varying ranges of sensitivity. 
 
Criterion 5: The measure must be reproducible and precise within defined and acceptable limits for data collected 
over space and time. When careful field methods are followed, IBI satisfied this criterion.  
 
Criterion 6: Variability of the measure must be low. IBI must the show a sensitivity both natural and anthropogenic 
variation. 
 
4. Application of F-IBI 
 
The references site was selected based on the segment ecoregion, and two reference sites were used which 
represent the upstream region and middle and downstream region respectively. The selection of these two sites 
was done because no comprehensive previous data on this river that can be used to represent as reference sites. 
A study by [25] has selected the sites with less disturbed as their reference site, while the study by [16] has 
selected the most downstream sites as their reference sites. This situation has revealed there is no significant 
procedure to select and chose the reference site. The discussion between researchers and the person who really 
understand the situation and condition at studied sites are really needed. If reference site was selected from the 
sites that was quite disturbed, the scoring criteria will be easily met and will resulted in less protection and 
conservation works [21].  However, use of disturbed sites as references sites could be applied if that sites simply 
much better than other sites which shows more perturbation, recently channelize and low riparian covers [16] 
 
The IBI result coupled with the water quality results could pose a very strong judgment in determining the 
ecological health. Normally, these two results will reveal the same pattern in term of water quality status, habitat 
status, and percentage of destruction. The correlation between these two results can explain well what is 
happening at the site instead of depending solely on the chemical parameters (Fig. 2). 
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Figure 2: The variation of quality status of ecological health of the Pahang River. This result shows a good 
agreement with the water quality index that utilized the physiochemical parameters to determine the water 
quality status. The reduction of value can be related with the ecological degradation.  
  
The fish-IBI was utilized as evaluation tools to monitor the environmental health because this index seems to be 
precise and applicable rather than single indicator, because single indicators hardly reflect the dynamic of 
biological systems [7]. The combination between several metrics may be useful to display the assemblage pattern 
[23]. Individually, each metric provides information about the specific attribute of the sampling sites. On the other 
hand, the IBI which based on multi-metrics assessment are required when the system to be evaluated is complex 
[25].  The selected metrics that were used in this study reflect perception from various dimensions in 
understanding the aquatic biota.  
 
The fundamental theory of the IBI which based on the response of biotic assemblages to environment degradation 
provided indispensable information about the environmental health [24][15][3]. One of adopted metric is the 
number of invasive species. This metrics reveal the presence of non-native species could alter and affect the 
structure of aquatic assemblage. A study by [1] and [40] have suggested the invasive species clearly reduced the 
native species population as a result of predation, competition and transmission of disease. Moreover, this 
species also resistant to human impact and well adapted with new environment [30][41]. Meanwhile, the report 
“Action plan for aquatic invasive alien species in Malaysia” by DOF has stressed that alien invasion is the second 
factors that causes the species threaten and extinction in Malaysian Rivers. Hence, the added metric could be a 
good indicator for monitoring the ecosystem health. 
 
Spawning and habitat metric are the addition metric to IBI and this metric could give another dimension in 
determining the fish assemblage. These metrics were applied to determine the fish assemblage pattern in term of 
preferred and favorable habitats and spawning ground. The added metrics that emphasized on the habitat and 
spawning preferences such as the existence of floodplain area, quality of riparian vegetation and substrate 
condition, could be a possible factors in shaping fish composition According to [33] the spawning ground and 
habitat could be consider as one of the factors in shaping the fish assemblage because by understanding the 
natural behavior and life history of fishes, the distribution pattern could be predicted. However, presence of 
migrating species is usually considered positive and yes, their abundance is heavily influenced by environmental 
changes are not considered in this metric because the abundance of these species is not due to changes in the 
environment, and including them in the calculation metric can bias the final results.  
 
The added metrics also can be important factors in determining the appropriate and suitable conservation and 
restoration works that can be implement to improve the fish composition at the selected study areas. Fig. 3 shows 
the effect of the each metrics with regards to reference value. Through this figure, the selection of parameters that  
need to be control can be determine to improve the environment condition at selected sites. UT7 shows the lowest 
score compared to others sites in the upstream. Based on the observation during the sampling period as well as 
based on the chemical analysis  
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Figure 3: the results of IBI at every site compared with reference site. The number at the edge of each 
figure represents; (1) number of native species, (ii) number of water column species, (3) number of 
demersal/bottom species, (4) number of cyprinidae species, (5) number of intolerant species, (6) % 
individuals as tolerant species, (7) % individuals as omnivores, (8) % individuals as herbivores, (9) % 
individuals as carnivores, (10) % individuals as imsectivores, (11) % individuals spawn and inhabit at 
floodplain, (12) % individuals spawn and inhabit at substrate, (13) % individuals spawn and inhabit at 
vegetation, (14) number of invasive species, and (15) total number of fish species. 
 
Based on the results, it was clearly shown that the water quality in this area are badly affected by the human 
activities that discharging the effluent from the domestic waste water. Moreover, human activities such as water 
intake and development of houses and agriculture activities were observed during the survey. These activities 
could reduce the riparian vegetation along the river bank and also have disturbed the bottom sediment if no 
precaution step was applied. [9] in their study has stated the species richness was highest at locations with 
greater vegetation cover and preserved riparian forest. While for UT8, the value of species that spawn and 
inhabited at floodplain area was low due several factor and one of it is the extensive human activities. The 
construction of resorts and restaurant on the floodplain and river reserve was identified as the main factors that 
cause the declining of this metric value. At the same time, the development and construction of this facility has 
reduced riparian vegetation cover and quality. The study at East Tiaoxi River in China has revealed the positive 
correlation between species richness with extended of floodplain area. High number of species richness was 
observed when the river was connected to floodplain area. Thus, the reduced floodplain area and encroachment 
on river reserve was identified as the main reasons that lead in reducing number of species that depend on 
floodplain area.  
 
The trophic composition metrics were used to assess the dynamic of fish assemblage based on their feeding 
patterns. Four metrics were used to assess the trophic pattern in this river; (i) percent of individuals as omnivores, 
(ii) percent of individuals as carnivores, (iii) percent of individuals as insectivorous, and (iv) percent of individuals 
as herbivores. The selected metrics were discovered as important attribute to assess the fish feeding patter in 
tropical region [11,16,,27]. 
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